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Abstract
There is a huge loss of lives worldwide in relation to COVID-19 pandemic, the primary epicentre of which
is China, where the causative agent of the disease called SARS-CoV-2 (severe acute respiratory syndrome
coronavirus 2) was �rst emerged in December 2019. In view of this the severity, in terms of case fatality
rate (CFR), is essential to explore for COVID-19. Data of ongoing COVID-19 global pandemic have been
retrieved from publicly accessible website of the WHO (World Health Organization), and were processed
for the estimation of global (both including and excluding China) CFRs of COVID-19. The CFRs were
explored following the naive estimates, 14-day delay estimates, and linear regression model analysis, for
the period between January 25, 2020 and April 25, 2020, on weekly basis. To explore the current situation,
in terms of global CFR, data for the next 6 weeks (May 2, 2020 through June 6, 2020), were processed by
naive and linear regression model analysis. Mean CFRs, in the naive estimates, were 4.59% (95% CI: 3.59
– 5.59) for the world including China, and 3.62% (95% CI: 2.01 – 5.23) for the world excluding China. The
14-day delay estimates of CFRs were 15.6% (95% CI: 7.18 – 24.02) globally, and 21.65% (95% CI: 11.15 –
32.15) in countries outside China. Following statistical model analysis, the global (both including and
excluding China) CFRs were 6.81%, by naive estimates, and ~13%, by 14-day delay estimates. The global
CFR of COVID-19 during May 2, 2020 to June 6, 2020, ranged 5.9 – 7.04% (mean: 6.58%; 95% CI: 6.11 –
7.03), by naive estimates, and by statistical regression analysis the CFR was 4.78%. The CFR as explored
in the current study might help estimate the need of up-to-date hospital supplies and other mitigation
measures for COVID-19 ongoing pandemic.

Introduction
The world is now witnessing the emergence and global spread of the 21st century’s 3rd deadly
coronavirus pneumonia in humans, called COVID–19 (coronavirus disease 2019), caused with the
infection of a novel coronavirus, SARS-CoV–2 (severe acute respiratory syndrome coronavirus
2)1.Notably, the COVID–19 was �rst seen in December 2019, in Wuhan of Hubei province, China, among a
cluster of people linked to the Huanan seafood market, and was emerged zoonotically with a single
spillover from animals2, probably from bat reservoir as had been seen for two other coronaviruses: SARS-
CoV (severe acute respiratory syndrome coronavirus) emerged in the Guangdong province, China in 2002,
and MERS-CoV (Middle East respiratory syndrome) that emerged in the Arabian Peninsula in 2012,
causing SARS and MERS, respectively3,4.

The COVID–19, which has been declared by the WHO, on March 11, 2020, pandemic, claimed lives at a
rate that very rapidly surpassed the cumulative deaths occurred due to SARS and MERS, globally3–5. The
virus, in addition to the spread from asymptomatic individuals, is within the capacity of showing
sustained person-to-person transmission among people in more than 200 countries, wherein persons of
all age groups (from children to old people), comorbid patients and people experiencing homelessness
are being the target of the novel coronavirus, SARS-CoV–2, which causes COVID–19 in humans4,6. As of
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June 8, 2020, a total of 6,960,259 global COVID–19 cases, including 401,970 deaths, have been reported,
since December 31, 20197.

Accounting the above situation, estimating case fatality rate (CFR) would be an important criterion in
exploring the severity of the ongoing COVID–19 global pandemic for its containment and mitigation.

Methods
The global COVID–19 data were retrieved electronically, on weekly basis for 14 weeks (January 25, 2020
through April 25, 2020), from publicly available domain of the WHO1. Since the virus SARS-CoV–2
transmission was contained in China, and the COVID–19 pandemic is evolving in countries outside
China, the database was grouped into two clusters: (a) global including China, and (b) global excluding
China (i.e., countries outside China). Therefore, the data were processed accordingly in order to calculate
CFRs by naive estimates, wherein the number of deaths of COVID–19 patients was divided with the total
number of COVID–19 test positive cases, and expressed as percentages8.

Following the criteria published earlier by others9,10, the adjusted CFR with 14-day time delay, for 12
consecutive weeks (February 8, 2020 through April 25, 2020) were calculated with the usage of
cumulative COVID–19 cases on April 11, 2020, as the denominator, which was 14 days before April 25,
2020 (�nal week of the study to estimate adjusted CFR), i.e., the date that matched with COVID–19 cases
available on April 11, 2020 (and so on).

The data-driven linear regression statistical model analysis was set to estimate CFR, using cumulative
COVID–19 cases as the predictor variable, and cumulative COVID–19 deaths as the outcome variable,
wherein the goodness of �tting was justi�ed with R2: 0.91–0.99 values11,12. The CFRs were calculated
following the criteria of naive estimates as well as 14-day delay estimates, for the regions as mentioned
above, within this model.

To explore the current status of the global COVID–19 pandemic, in terms of CFR, data for the last 6 weeks
(May 2, 2020 through June 6, 2020), retrieved from the WHO website1, were processed by naive as well as
linear regression model analysis, as stated above8,11,12.

Results
Representing the naive estimates curve (CFR: 2.1—6.9% for global including China, and 0.35—6.94% for
global excluding China, during February 8, 2020 through April 25, 2020), the CFRs by 14-day delay
estimates were in between 54.8% (on February 8, 2020) and 11.65% (on April 25, 2020) for global
including China (range: 5.78–54.8), and 8% (on February 8, 2020) and 58% (on April 25, 2020), for
countries outside China; range: 6.64–58% (Fig. 1).

The mean CFRs, in the naive estimates, were recorded as 4.59% (95% CI: 3.59—5.59) in the world
including China, and 3.62% (95% CI: 2.01—5.23) in the world excluding China. The 14-day delay estimates
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of CFRs (adjusted CFRs) were 15.6% (95% CI: 7.18—24.02) globally, and 21.65% (95% CI: 11.15—32.15) in
countries outside China. High signi�cance differences between CFRs of the naive estimates and 14-day
delay estimates have been noted globally, both including and excluding China (p: <0.001).

The CFRs as estimated following the linear regression statistical model of different regions, according to
the criteria for naive estimates as well as 14-day delay estimates, are depicted in Fig. 2. The global
(including China) CFRs were 6.81% (R2: 0.993) following naive estimates criteria, and 12.53% (R2: 0.965),
by 14-day delay estimates criteria, while the CFRs as calculated were 6.81% (R2: 0.994), by naive
estimates criteria, and 12.67% (R2: 0.956), by 14-day delay estimates criteria, for the world excluding
China.

The global CFR of COVID–19 as determined for the time period from May 2, 2020 to June 6, 2020, ranged
5.9—7.04% (mean: 6.58%; 95% CI: 6.11—7.03), by naive estimates (Fig. 3a), while statistical regression
model displayed the value as 4.78% with R2: 0.99 (Fig. 3b).

Discussion
In this communication, as on April 25, 2020, the global adjusted CFR of 11.65% was higher than the CFR
of SARS‐CoV (9.6%)4, while the adjusted CFR of 58% for countries outside China was exceedingly high
compared to the CFR of MERS‐CoV (34.4%)4.Thus, the adjusted CFRs, as per our estimate, were higher
than that of China, as on March 5, 2020 (3.48%), and this is because of the containment of the disease in
China, and increasing in the number of cases as well as the mortalities with COVID–19 in countries
outside China1,13.

As of March 3, 2020, the global estimate of COVID–19 CFR has been high (3.4%) compared to the initial
estimate of 2% by the WHO, and this was in consonance with 2.3% in China4. This is, however, uncertain,
since to calculating CFR, dividing the deaths by the cases on a given day of ongoing disease incidences
might not the true representative of real CFR estimate (since the undetected asymptomatic cases that
also impact on CFR estimation, but were not included). Therefore, to de�ning the severity of ongoing
COVID–19 global pandemic, the estimation of CFR (adjusted CFR), accounting the time delay of 14 days
from onset of illness to death, might be an important tool, as explained elsewhere.9,10,13 However, this
model (14-day delay) overestimates the CFR,14,15 as was also seen throughout the current study period.

The 14-delay estimates of CFRs have, therefore, been related to the fact of overestimation of COVID–19
severity14, and therefore, the data-driven statistical model analysis has been followed to estimate the CFR
concerning the ongoing COVID–19 pandemic. Originally, this method was employed for comprehensive
CFR estimation of COVID–19, by Yang et al.11, and later by Oztoprak et al.12, in order to re�ect the good
estimates of CFRs for different countries. Herein, the estimated CFR for the world (excluding China) and
for the countries outside China is similar: 6.81% (by WHO estimates) and ~13% (by 14-day delay
estimates), suggesting that the global (excluding China) situation is reasonably scary, considering the
fact that China, so far, has effectively controlled the disease (COVID–19), which was caused by the novel
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coronavirus, SARS-CoV–2, for which there are no speci�c medicine as well as vaccine16, 17, and therefore,
the non-pharmaceutical measures remain the only options for COVID–19 management.18–20 While China
has contained the COVID–19 pandemic it is escalating in rest of the world, however, the disease severity
has been improved with a reduction of CFR from 7.04% (on May 2, 2020) to 5.9% (on June 6, 2020), and
the value was decreased to 4.78% during May 2, 2020 to June 6, 2020, compared to the value of 6.81%
estimated during February 8, 2020 to April 25, 2020, following regression model analysis.

Conclusion
The current �ndings, combined with the facts mentioned above, re�ect the severity, in terms of CFR, of the
ongoing COVID–19 global pandemic. Determining weekly as well as the overall CFR values (following
naive and statistical model analysis) might help estimate the need for current hospital supplies and other
mitigation measures for the ongoing pandemic of COVID–19, for which, no established treatment or a
vaccine is available.
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Figure 1

Naive estimates of CFR compared to the adjusted 14-day delay estimates of CFR of COVID-19 (February
8, 2020 through April 25, 2020): (a) global including China; (b) countries outside China.
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Figure 2

Statistical model analysis of CFR with naive estimates criteria and adjusted 14-day delay estimates
criteria for COVID-19 (January 25, 2020 through April 25, 2020): (a) global including China; (b) countries
outside China.
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Figure 3

The CFR of global COVID-19 pandemic (May 2, 2020 through June 6, 2020) by (a) naive estimates, and
(b) statistical model analysis.


